Rapid evolution of the trophoblast kunitz domain proteins (TKDPs)-a multigene family in ruminant ungulates.
The trophoblast Kunitz domain proteins (TKDPs) are products of the outer cells (trophoblasts) of the placenta of cattle, sheep, and related species. Most are expressed abundantly for only a few days during the time at which the ruminant conceptus is first establishing intimate contacts with the uterine lining. The TKDPs are secretory proteins that possess a carboxyl-terminal peptidase inhibitory domain related to the Kunitz family of serine peptidase inhibitors. On the amino-terminal end are one or more highly unusual regions that are unique to the TKDP genes and have no apparent similarity to any other known sequences. The TKDPs are a rather divergent family that exhibits a good deal of variation among the members. To better understand the reason for such variation, the rates of synonymous (dS) and nonsynonymous (dN), as well as radical (pNR) and conservative (pNC), substitutions were assessed. Phylogenetic trees revealed that the Kunitz domains represented three related groups, whereas the amino-terminal domains formed four groupings. Pairwise comparisons between Kunitz and amino-terminal domain groups demonstrated that dN was consistently greater than dS. In addition, nonsynonymous substitutions in the Kunitz domains tended to be radical (changing charge or polarity), while those in the amino-terminal domains exhibited neither a preponderance of conservative nor radical substitution rates. In summary, the rapid evolution of the TKDPs, coupled with their restricted temporal expression during development, likely reflects the establishment of protein-protein interactions that have evolved to serve the unusual synepitheliochorial placenta of ruminant ungulates.